To learn about the changing trend of water resources quantity in the Yangtze River Delta, make rational allocation of water resources, and prevent regional drought & flood risks, the spatial and temporal distribution characteristics of precipitation and drought & flood in the Yangtze River Delta were investigated. Sliding average method, standardized precipitation index method (SPI), and inverse distance weighted interpolation method (IDW) etc. were used to analyze the hydrologic characteristics of YRD based on the daily precipitation data from 15 national meteorological stations in the Yangtze River Delta during the period from 1960 to 2010. According to the result: (1) The Yangtze Delta exhibited a gradually increasing trend of annual precipitation, while the flood frequency has been higher than drought frequency over the past 51 years; (2) At the Yangtze Delta, the maximum mean precipitation was normally observed in June, the minimum mean precipitation in December, the highest flood frequency in April and July, and the highest drought frequency in March; (3) The precipitation gradually increased from north to south at the Yangtze Delta, spatially, the precipitation was more evenly distributed in the north than in the south; the flood prone area was larger than drought prone area at the Yangtze Delta with West Hangzhou, East Shaoxing and West Ningbo susceptible to both drought and flood.
INTRODUCTION
According to the assessment report of the Intergovernmental Panel on Climate Change (IPCC), the intensification of global warming since the 1970s has brought about more frequent droughts and floods all over the world, which led to unprecedented impact on the nature system and economy [1, 2] . In China, droughts and floods have turned into the most extensive and frequent meteorological disasters, while far-reaching extreme climate events caused huge losses to people's life & properties and social economy [3] [4] [5] , so the research on droughts and floods is of great practical significance. The precipitation is closely associated with droughts and floods, and the statistical analysis of time series for precipitation should be the basis for drought & flood forecast. It is generally stated that the pluvial period is increasingly shorter, that the brief rain period is increasingly longer, and that the trend towards drought is extremely remarkable [6] . Many scholars searched into the precipitation and the tendency towards drought and flood in China. For instance, Niu Jiatian [7] et al. analyzed the precipitation variation characteristics and the regularity of drought & flood in Huachuan County through linear tendency estimation, mutation test and wavelet analysis etc.; Zhao Xuemin [8] et al. probed into the precipitation and the temporal and spatial structure characteristics of drought & flood in the Fenhe River Basin through empirical orthogonal function decomposition; Na Li [9] et al. analyzed the relationship between precipitation concentration degree and drought & flood in Ningxia based on the relationship between precipitation concentration, concentration period, and index Z that characterizes the degree of drought & flood, those researches offered basis for the response to regional climate change and droughts & floods.
Yangtze Delta has long been known as "a land of abundance" in China; since the rapid economic development induced increasing demand of China for water resources, water resources evolved as an important factor restricting the development of society and economy [10, 11] . Many cities at the Yangtze Delta are now faced with the stress of water shortage, while some are even included in the list of cities with a serious shortage of water in China [12] . In recent years, the increase in the frequency of drought and floods at the Yangtze Delta has very negative impact on economic and social development. Hence, the study on the precipitation variation characteristics and drought & flood conditions in this region seems particularly necessary. This paper probes into the precipitation and drought & flood at the Yangtze River Delta using sliding average method, SPI method and inverse distance weighted interpolation method so as to provide certain reference for learning about the changing trend of water resources quantity, making rational allocation of the water resources, and preventing regional drought & flood risks.
STUDY AREA AND DATA
The Yangtze River Delta, the "Yangtze Delta" for short, spans 29°02'~33°14'N, 118°31'~122°57'E, and is known as an alluvial plain at the estuary of Yangtze River. As the largest economic zone of China, Yangtze Delta covers an area of approx. 51,000 km 2 [13, 14] . This region boasts a dense water network consisting of lots of rivers and lakes, including such famous lakes as Hongze Lake and Taihu Lake in Jiangsu, and Xihu Lake and Donghu Lake in Zhejiang, such important rivers as Huaihe River, Yangtze River and Qiantangjiang River. Subtropical monsoon climate prevails at the Yangtze Delta, contributing to the abundant precipitation all year around. The principal cities in this region include Shanghai, Nanjing, Hangzhou, Zhenjiang, Changzhou, Wuxi, Suzhou, Yangzhou, Taizhou, Nantong, Jiaxing, Huzhou, Shaoxing, Ningbo, and Zhoushan. The daily precipitation data of the 15 stations in this paper is derived from China Meteorological Data Sharing Service System, and the distribution of meteorological stations is shown in Fig. 1 . The 51-year mean annual precipitation data, inter-annual drought and flood level, mean monthly precipitation data and monthly variation of flood & drought, as well as the annual precipitation and its spatial distribution at each station and the spatial distribution characteristics of flood & drought in this region were determined by using sliding average method, SPI, IDW and mask interception based on the daily precipitation data gathered during the 51 years during period from 1960 to 2010 at each meteorological station.
METHODS

Sliding Average Method
Sliding average method [15] is a trend fitting technique that describes the trend with fixed-time smoothed values; in the sequence subjected to sliding average processing, the periods that are shorter than the sliding distance are significantly weakened to indicate the changing trend. In this paper, the 51-year annual precipitation variation curve is plotted with 5-year sliding average method for the Yangtze Delta so as to estimate the changing trend of precipitation in each decade.
SPI Method
SPI is an index proposed by Mekee [16, 17] et al. in 1993 to characterize the probability of precipitation in a certain period of time. The precipitation data gathered over 30 years is normally used to work out the drought index at different time scales, and the time scale should be monthly scale as a minimum. For precipitation analysis, SPI describes precipitation change with the Γ distribution probability, and determines the standardized precipitation value after normal standardization. To clearly reflect the staged variation of drought and flood, and reflect the seasonal drought and flood level, this paper analyzes the SPI at both annual and monthly scale.
IDW Method
The limited station data can't completely reflect the precipitation characteristics throughout the region, space rasterization is performed based on the ArcGIS10.0, while IDW method [18, 19] is employed to extend the station data to the entire region of interest. This paper evenly distributes the annual precipitation and the frequency of drought and flood observed at each station to the region of interest so as to reflect the spatial distribution characteristics of individual factors.
RESULT Temporal Variability Analyze
Annual variation of precipitation
Refer to Fig. 2 for the mean annual precipitation determined based on the daily precipitation data from 15 national meteorological stations at the Yangtze Delta over the past 51 years. The variation of annual precipitation at the Yangtze Delta ranges from 767 to 1522mm; the maximum annual precipitation occurred in 1999 with 1521.2mm, while the minimum precipitation occurred in 1978 with 767.5mm. The most significant amplitude (i.e. 638.1mm) of variation of annual precipitation was observed during the period 1977-1978. During the period from 2003 to 2010, the variation amplitude of precipitation was on the small side, and exhibited a tendency of modest increase. According to the 5-year moving average, the precipitation significantly decreased in early 1960s, middle 1970s and the early 21st century, and the precipitation showed a significantly increasing trend in early 1970s. Over the past 51 years, the precipitation tendency rate has been 20.4/decade, while the inter-annual variation of precipitation has exhibited an increasing trend. 
Monthly variation in precipitation
Over the past 51 years, the annual mean precipitation and the monthly mean precipitation are respectively 1205.9mm and 100.5mm at the Yangtze Delta. Fig. 5 showed that the maximum precipitation (i.e. 181.1mm) occurred in June and accounted for 15.0% of annual mean precipitation, while the anomalous percentage was 80.2% in June; the minimum precipitation (i.e. 41.2mm) was observed in December and accounted for 3.4% of the annual mean precipitation, while the anomalous percentage was -59.0% in December. The precipitation in the spring (March, April and May), summer (June, July and August), autumn (September, October and November) and winter (December, January and February) were 323.1mm, 475.2mm, 246.5mm and 161.1mm respectively. The maximum precipitation occurred in summer, and accounted for 39.4% of annual mean precipitation, while the maximum monthly mean precipitations were observed in June, July and August; the minimum precipitation occurred in winter and accounted for 13.4% of annual mean precipitation, while the minimum monthly mean precipitations were observed in December and January. 
Monthly variation in drought & flood
The monthly drought & flood frequency ranges from 51% to 71% at the Yangtze Delta, where the drought frequency is 24%-34% and the flood frequency is 27%-39%, which shows in Fig. 6 . Drought & flood occurred frequently at the Yangtze Delta, where the maximum flood frequency was observed in April and July (20 floods have occurred over the past 51 years with the frequency being 39%); the lowest frequency of flood was observed in January and December, and the frequencies were 27% and 30%, respectively; the maximum drought frequency was seen in March (34%), while the minimum was observed in January (24%). Table 2 shows the mean annual precipitation of each station determined based on the daily precipitation data gathered during period 1960-2010 at the 15 national meteorological stations at the Yangtze Delta. The spatial distribution characteristics of precipitation at the Yangtze Delta are distributed to Fig.7 by the inverse distance weighted interpolation method and mask extraction method in ArcGIS. As can be seen from the figure, the mean annual precipitation ranges from 1028 to 1482mm at the Yangtze Delta, and is divided into 5 classes with a step size of approx. 100mm.
Spatial Variability Analyze
Spatial distribution characteristics of precipitation
The precipitation at the Yangtze Delta gradually increases from north to south, and the variation in precipitation is relatively uniform in the intervals 1028-1100mm and 1100-1200mm. With respect to the 3 intervals above 1200mm, the east and west areas have the higher precipitation than in the middle areas. On the whole, the spatial distribution of precipitation at the Yangtze Delta is characterized by "lower in the north and higher in the south, and higher in the southeast and southwest, and lower in the central south". Table 2 . Multi-year mean precipitation at each meteorological station at the Yangtze Delta.
Station name
Annual mean precipitation/mm Nanjing 1062
Gaoyou 1028
Rugao 1058
Lvsi 1058
Suyang 1134
Wuxi 1087
Dongshan 1137
Baoshan 1103
Hangzhou 1391
Pinghu 1204
Cixi 1294
Dinghai 1367
Chun'an 1482
Shengzhou 1290
Shipu 1395 Figure 7 . Spatial distribution of annual precipitation at the Yangtze Delta.
Spatial distribution characteristics of drought & flood
The drought & flood frequency at the Yangtze Delta is divided into 3 classes through set pair analysis on water resources as Table 3 shows. Further information about the classification shows in Table 4 . The distribution characteristics of drought & flood frequencies at the Yangtze Delta are expressed in Fig. 8 through inverse distance weighted interpolation and mask extraction based on the SPI index of each meteorological station with ArcGIS as the processing platform. As can be seen from Fig. 8 , only the southern inland area at the Yangtze Delta exhibits high incidence of drought, while all other areas are drought-prone. The high incidence of flood affects the Yangtze Delta extensively, and is concentrated in the south and the central north inland areas. 
CONCLUSION
a. Over the past 51 years, the variation of annual precipitation at the Yangtze Delta ranged from 767 to 1522mm; the peak annual precipitation occurred in 1999, while the minimum precipitation occurred in 1978; according to the 5-year rolling curve, the annual variation in precipitation exhibits a gradually increasing trend, the flood exhibiting an increasing trend at the Yangtze Delta, and the drought-flood alternation being remarkable; the years of extreme values of SPI are exactly those of precipitation; over the past 51 years, the flood frequency (approx. 40%) has been greater than drought frequency (about 35%); b. Over the past 51 years, the annual mean precipitation and the monthly mean precipitation are respectively 1205.9mm and 100.5mm at the Yangtze Delta; the maximum multi-year mean monthly precipitation was observed in June, and its anomalous percentage was 80.2%; the minimum precipitation occurred in December, and the anomalous percentage was -59.0%. The maximum seasonal precipitation occurred in summer and accounted for 39.4% of annual mean precipitation, while the minimum precipitation was observed in winter and accounted for 14.3% of annual mean precipitation; the monthly drought & flood frequency is 51%-71% at the Yangtze Delta, where March contributes the maximum drought frequency (about 34%), while April and July see the maximum flood frequency (approx. 39%); c. The precipitation gradually increases from north to south at the Yangtze Delta, and the annual precipitation ranges from 1028 to 1482mm. The northern part exhibits low precipitation and relatively even distribution, and the precipitation is high in the south, where the precipitation in southeast and southwest is more abundant than in the central south.
